Pulse wave analysis was performed in apparently normal volunteers (n ¼ 164) and in essentially hypertensive patients without cardiovascular complications (n ¼ 171) using a newly developed non-invasive pulse wave measurement device (HEM-9010AI). Our results suggest that early wave reflections measured by radial augmentation index (AIr) are enhanced in volunteers with systolic blood pressure (SBP)X160 mm Hg compared with the volunteers with their SBPo160 mmHg (98718 vs 88712, Po0.05). Furthermore, AIr is lower in hypertensive patients with long-term antihypertensive treatment than in those with short-term treatment (84710 vs 89713, Po0.01).
Arterial stiffness is associated with several risk factors for cardiovascular disease.
1,2 Pioneer investigators have proposed a non-invasive measure of arterial stiffness focusing on early wave reflections. [3] [4] [5] They have defined augmentation index (AI), the ratio of pressure augmentation to local pulse pressure, for both aortic and radial pulse waveforms. 4, 6 Aortic AI is closely related to several risk factors of adverse cardiovascular events. 1 Radial AI (AIr) itself has recently been reported to be closely correlated with central AI and age. [7] [8] [9] Therefore, AIr is proposed as an indicator of arterial stiffness that reliably predicts adverse cardiovascular events.
We measured AIr in apparently normal volunteers and in hypertensive patients treated for various lengths of time and who had experienced no cardiovascular events. 8, 10 We assessed the relationship between AIr and blood pressure (BP) and the effects of the duration of antihypertensive treatment on AIr.
This cross-sectional study enrolled 164 volunteers, presenting for their annual health maintenance programme, and 171 hypertensive patients recruited on the basis of their medical history and clinical investigations at the time of their visits at our ambulatory care department for dispensation of their usual medications. Subjects were successively asked to enrol when they visited Green Town Clinic Center during the period from April 2003 to December 2004. Subjects with secondary hypertension or diabetes mellitus, or hyperlipidaemia who received medications were excluded. The volunteers who were hypertensive or had been prescribed antihypertensive medications were excluded. The hypertensive patients were prescribed hypertensive medications and were classified into two groups: (1) those treated for o5 years (short-treatment group, n ¼ 94) and (2) those treated for X5 years (longtreatment group, n ¼ 77). The study was approved by the Ethics Committee of Saitama Medical University, and written informed consent was obtained from each study participant.
BP and heart rate (HR) were measured on the right upper arm using an oscillometric method after 10 min of rest in the sitting position. The pressure was measured three times, and the last two measurements were averaged. Immediately after measuring BP, the left radial arterial waveform was recorded by the tonometric method with a non-invasive pulse wave measurement device (HEM-9010AI; Omron Healthcare Co., Ltd, Kyoto, Japan). 8, 10 AIr was automatically calculated as (Second peak systolic BP (SBP2)Àdiastolic BP)/(first peak systolic BP (SBP1)Àdiastolic BP) Â 100 (%). The coefficient of variation between repeat measurements of AIr in the same subjects had a mean value of 4.2%.
Data are reported as means7standard deviations (s.d.). Comparisons were made by analysis of variance followed by Tukey test. Pearson's correlation was used to examine relationships between the variables. Multiple linear regression analysis was used to examine the correlation. To determine the cutoff value of the adjusted AIr in the volunteers, a receiver operating characteristic curve (ROC) analysis was performed. These statistical computations were performed with the SPSS statistical program (SPSS, Chicago, IL, USA). A P-value o0.05 was considered statistically significant.
In the volunteers, AIr was correlated with age (r ¼ 0.34, Po0.0001) and was inversely correlated with height (r ¼ À0.33, Po0.0001) and HR (r ¼ À0.19, Po0.05). Although systolic blood pressure (SBP) was correlated with age (r ¼ 0.19, Po0.05), AIr was correlated with neither SBP nor diastolic blood pressure (DBP). AIr adjusted for age in 60-year-olds and HR at 75 beats/min was significantly higher in women than in men (97714 vs 90715, Po0.01). In the stepwise multivariate regression analysis, AIr was the dependent variable and age, sex, SBP, DBP and HR were the independent variables. The most significant multivariate regression (Po0.0001) was that in which AIr ¼ 82.9 (t ¼ 10.0) þ 0.462 Â age (years) (t ¼ 5.2)À0.27 Â HR (beats/min) (t ¼ À3.1)À6.66 Â sex category number (male/female ¼ 1:0) (t ¼ 2.8). If necessary, AIr is compared after adjustment for age in 60-year-olds of male sex and HR at 75 beats/min. The adjusted AIr was significantly higher in subjects with SBPX160 mm Hg than those with SBPo160 mm Hg (98718 vs 88712, Po0.05) (Supplementary Table 1 ). ROC demonstrated that the sensitivity was approximately 0.7 and 1-specificity was 0.3 when we assumed that the cutoff value of the adjusted AIr was 93 (Po0.05; Supplementary Figure 1) .
In hypertensive patients, the adjusted AIr was inversely correlated with the duration of antihypertensive treatment (r ¼ À0.362, Po0.0001, n ¼ 171; Supplementary Figure 2) . The adjusted AIr was significantly lower in the long-treatment group than in the short-treatment group (Po0.01; Table 1 ).
We confirmed the previously observed correlation between age and AIr and the inverse correlation between HR and AIr, and the significantly higher age-and HR-adjusted AIr in women than in men. This is the first study to postulate that the cutoff value of the adjusted AIr was 93 according to SBP in apparently normal volunteers and to demonstrate an inverse correlation between the duration of antihypertensive treatment and AIr in hypertensive patients without cardiovascular complications. Attenuated AIr was associated with prolonged antihypertensive treatment course.
ROC analysis demonstrated that setting the cutoff value of the adjusted AIr as 93 in the apparently normal volunteers is appropriate. Kohara et al. reported that the average value of AIr adjusted for age in 60-year-olds of male sex was estimated to be approximately 80715 in Japanese volunteers. Therefore, the cutoff value of our study is almost consistent with the average þ 1 s.d. of their study. The adjusted AIr was significantly higher in subjects with SBPX160 mm Hg than in those with SBPo160 mm Hg. We could not detect any difference in AIr between volunteers with SBPX 140 mm Hg and those with SBPo140 mm Hg. This is inconsistent with evidence from many clinical studies that subjects with X140 mm Hg are at higher risk for cardiovascular complications through arteriosclerosis.
11,12 However, the following two reasons address why we detected a difference in AIr at the boundary of SBP on 160 mm Hg, not on 140 mm Hg. First, there were a large number of volunteers with high normal SBP levels in our study. Second, in the annual health check programme, the BP levels were likely to be slightly shifted upwards by emotional stress.
Our study is unique in that we measured AIr in a population that had received prolonged antihypertensive therapy and had experienced no cardiovascular complications. Attenuated AIr was associated with a prolonged antihypertensive treatment course. Therefore, at the initiation of treatment, a low AIr can predict a long-term successful clinical course. One tentative explanation is that prolonged antihypertensive treatment improves early wave reflections. Another is a longer uncomplicated survival of patients with lower AIr.
In conclusion, AIr is enhanced in the untreated hypertensive volunteers. A low AIr is a useful indicator of a successful long-term antihypertensive treatment course. These results suggest that the radial AIx obtained by the new HEM-9010AI device is a good substitute for the central AIx. Long-term longitudinal studies are needed to clarify whether antihypertensive treatment can practically improve AIr. Values of characteristics are means7s.d. except median duration. Abbreviations: AIr ¼ radial augmentation index; adjusted AIr ¼ radial augmentation index adjusted for age in 60-year-olds of male sex and heart rate at 75 beats/min; NS ¼ not significant.
